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检测。本章选择 7 种致病弧菌作为研究对象，通过两个四色实时 PCR 体系实现
了 7 种弧菌的同时检测，该体系具有特异性好、灵敏度高、快速简便等优点。第
一个四色实时 PCR 体系能同时对 O1 群霍乱弧菌、O139 群霍乱弧菌、副溶血弧
菌及其毒力株进行检测，对单一目标菌的检测灵敏度可达 29.6-630 CFU/反应；
第二个四色实时 PCR 体系能同时对创伤弧菌、拟态弧菌、溶藻弧菌和河弧菌进
行检测，对单一目标菌的检测灵敏度可达 29.5-295 CFU/反应。 
第三章，通过广谱 PCR 结合置换探针基因分型的方法实现食源性致病菌的













































































Foodborne bacterial pathogens are recognized as one of the major etiological 
agents that cause foodborne disease. The availability of rapid, specific and high 
throughput assays to detect the presence or absence, or even the degree of 
contamination of pathogens, has become increasingly important for the food industry. 
This dissertation describes three solutions for the broad-spectrum detection and 
identification of foodborne pathogens. 
In chapter one, the methods for the detection of foodborne pathogens were 
reviewed. Three categories of methods, namely traditional culture-based methods, 
immunological methods and molecular methods were summarized briefly. The 
progress and future perspectives were also discussed. To break the bottleneck of 
real-time PCR throughput, a new detection format based on fluorescence combination 
was proposed to enlarge the covering range of objects in a single reaction. The 
so-called Multicolor Combinational Probe Coding (MCPC) technology uses probes 
labeled with mixed fluorophores to detect the matched templates, generating 
characteristic fluorescence profiles correspondingly. This innovation allows 
identifying any of 15 templates in a single tube on a four-color fluorometric 
thermolcycler.   
In chapter two, multiplex real-time PCR with modified molecular beacons was 
adopted as a solution for broad-spectrum detection of foodborne pathogens. The 
established multicolor real-time PCR could detect seven kinds of pathogenic vibrios 
through two PCR tubes. The first four-color real-time PCR system could detect Vibrio 
cholerae O1, Vibrio cholerae O139, total and pathogenic V. parahaemolyticus 
simultaneously. The detection limit ranged from 29.6 to 630 CFU per reaction for 
single target vibrios. The second four-color real-time PCR system could detect V. 
vulnficus, V. mimicus, V. alginolyticus and V. fluvialis simultaneously. The detection 
limit ranged from 29.5 to 295 CFU per reaction for single target vibrios. This method 















In chapter three, broad-range PCR coupled with MCPC technology was adopted 
as a solution for broad-spectrum detection and identification of foodborne pathogens. 
Displacing probes were chosen in the application of MCPC technology in the study. 
Three segments were amplified from 16S rRNA and 23S rRNA gene by universal 
primers. Amplified products were differentiated by the displacing probes according to 
their signature sequences. The assay could identify any of nine categories of 
foodborne bacterial pathogens, namely pathogenic E. coli & Shigella spp., Salmonella 
spp., Listeria monocytogenes, Bacillus cereus, Staphylococcus aureus, Vibrio 
cholerae, V. parahaemolyticus, Proteus spp. and Streptococcus pyogenes in a single 
reaction. The specificity of the assay was validated by 129 bacterial isolates. 
In chapter four, HAND (Homo-Tag Assisted Non-Dimer) system coupled with 
MCPC technology was adopted as a solution for broad-spectrum detection and 
identification of foodborne pathogens. Modified molecular beacons were chosen in 
the application of MCPC technology in this study. The assay had the capability of 
detecting any of seven pathogenic vibrios in a single tube. The list of target vibrios 
were Vibrio cholerae O1, Vibrio cholerae O139, total and pathogenic V. 
parahaemolyticus, V. vulnficus, V. mimicus, V. alginolyticus and V. fluvialis. The 
detection limits for these vibrios ranged from 2 copies to 100 copies of genomic DNA 
per reaction. The assay showed good quantitative ability within a wide range (1pg to 
100ng DNA per reaction for V. fluvialis, 100fg to 100ng DNA per reaction for the 
rest). The specificity assay with 145 strains demonstrated 100% accuracy. The assay 
showed great potential in identifying a pathogen from a number of suspected objects. 
The three strategies described in this dissertation should facilitate the 
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每年发生 40-60 亿例食源性腹泻，发展中国家每年有 180 万人死于食源性腹泻，
即使是在工业化国家，亦有 30%以上的人群患食源性疾病[2]，食源性疾病已成为










发病 多；④潜伏期甚短，通常为数小时至 2-3 天不等，多数病程短、恢复快、
预后好、病死率低。近年来，由食源性致病菌引起的食品安全事件不断出现：2000
年日本发生雪印牛奶金黄色葡萄球菌中毒[6]，中毒者逾万人；2006 年 9 月美国发
生 131 起由大肠杆菌 O157:H7 引起的食源性疾病，其中 20 人患尿毒症，66 人住































酶免疫测定法（Enzyme immunoassay, EIA）、荧光免疫测定法（Fluorescence 
immunoassay, FIA）、发光免疫测定法（Luminescent immunoassay, LIA）等。其中
以酶联免疫吸附试验（Enzyme Linked Immunosorbent Assay, ELISA）应用 广泛，
已成功用于沙门菌、大肠杆菌、金黄色葡萄球菌肠毒素等的检测[9]。目前免疫学
方法检测食源性致病菌的发展趋势是检测更加简便、快速和自动化。免疫磁性分









    随着对细菌基因组认识的不断深入，以细菌的遗传物质作为检测对象的分子
生物学检测方法迅速发展，目前已成为食源性致病菌快速检测的主要发展趋势。
概括而言，主要包括核酸杂交技术和核酸扩增技术。 




















    PCR技术通过扩增致病菌的靶DNA，检测相应的PCR产物，从而确定目标菌
的存在，该方法是目前应用 广泛的核酸扩增技术。在PCR技术基础上衍生的如














目前实时PCR已广泛用于传染病病原体的检测[7, 9, 13, 14]。根据荧光染料结合
形式的不同，实时PCR主要有以下几类： 
A. 荧光染料（如SYBR Green I）直接结合扩增产物：PCR扩增后进行熔解

































有PCR-RFLP（PCR-Restriction Fragment Length Polymorphism） [29]、RAPD
（Random Amplified Polymorphic DNA）[30]、AFLP（Amplified Fragment Length 
Polymorphism）[31]、PCR-SSCP（Single Strand Conformation Polymorphism）[32]、
rep-PCR（repetitive element-based PCR）[33]、MLST（Multilocus Sequence Typing）
[34]、VNTR（Variable Number of Tandem Repeats）/ MLVA（Multiple-locus VNTR 




除 PCR及其衍生技术外，还有NASBA（Nucleic Acid Sequence-based 
Amplification）[37, 38]、LAMP（Loop-Mediated Isothermal Amplification）[39]、SDA











































以标记四种荧光染料的情况为例，MCPC 技术的原理如图 1 所示。四种荧光
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